IMPORTANCE Elderly patients who undergo surgery for an isolated nontraumatic subdural hematoma (SDH) are at major risk for SDH reaccumulation, which can cause further injury and disability. Few population-based studies have examined how often nontraumatic SDH reaccumulates and necessitates repeated operation.
Introduction
Approximately 125 000 individuals in the United States experience an intracranial subdural hematoma (SDH) each year. 1 Most cases of SDH occur in those 65 years or older, and SDH in these patients often occurs spontaneously or after minimal trauma and presents in the absence of other types of significant traumatic brain injury, such as cerebral contusions. 1 Such isolated nontraumatic SDHs are usually surgically evacuated if they are symptomatic or large. 2 In patients who survive the initial illness and surgery, a major risk is reaccumulation of SDH, which can cause further brain injury and serious long-term sequelae. Unlike patients with SDH attributable to significant trauma, patients with isolated nontraumatic SDH appear to have a lower threshold for subdural bleeding and thus a greater predisposition to SDH reaccumulation, 3 and reaccumulation is a major challenge in the management of nontraumatic SDH. 4 Few multicenter prospective studies or clinical trials 5, 6 have been performed to establish treatments for preventing reaccumulation of nontraumatic SDH.
Planning for such studies is made difficult by the lack of robust data on the natural history of nontraumatic SDH. Few population-based data are available on how often after surgical evacuation nontraumatic SDH reaccumulates and necessitates repeated operation. We therefore performed a retrospective cohort study using data from 2 large heterogeneous cohorts.
Methods

Design
We performed 2 parallel analyses using data from the National Surgical Quality Improvement Project (NSQIP) and a 5% nationally representative sample of Medicare beneficiaries. These 2 sources of data have complementary advantages and offsetting limitations. The NSQIP data provide prospectively collected and clinically detailed information, whereas the Medicare sample allows a more nationally representative analysis, inclusion of burr-hole drainage of chronic SDH and craniotomy procedures, more reliable accounting for out-of-hospital mortality, and a longer follow-up period. We followed the guidelines in the Reporting of Studies Conducted Using
Observational Routinely Collected Health Data (RECORD) Statement. 7 The Weill Cornell Medical
College Institutional Review Board approved this study and waived the requirement for informed consent. The NSQIP data were deidentified; the Medicare data are not fully deidentified, but the institutional review board determined that analysis of these data was exempt from review. The NSQIP has developed a national registry to promote quality improvement by providing comparisons of risk-adjusted surgical outcomes at 690 centers. 8 The NSQIP registry comprises a systematic sample of all patients undergoing surgery under general, spinal, or epidural anesthesia; trauma and transplant cases are excluded. Trained reviewers at centers that participate in NSQIP collect data by medical record review, discussions with health care professionals, and telephone interviews with patients. Data are prospectively abstracted and coded using standardized definitions. All reviewers undergo a uniform training program, and data from each center are subject to audit. The most recent audit showed 98% interrater agreement for all assessed variables, 8 and this high rate of interrater agreement has been confirmed in independent reviews. 9, 10 For this analysis, we used NSQIP data from January 1, 2012, through September 30, 2015, because these years contained detailed information about repeated operations.
In addition, we used inpatient and outpatient claims data from January 
Patient Population
In both samples, our cohort comprised patients 65 years or older who underwent surgical evacuation of an isolated nontraumatic SDH. In the NSQIP sample, nontraumatic SDH was based on operative codes that represented craniotomy or craniectomy for SDH evacuation (CPT codes 61312 or 61314) and a postoperative diagnosis of nontraumatic SDH (ICD-9-CM code 432.1) documented by the neurosurgeon. Patients undergoing burr-hole evacuation as their index procedure were not included in the NSQIP registry.
In the Medicare sample, nontraumatic SDH was defined as ICD-9-CM code 432.1 in any hospital discharge diagnosis code position, a definition that has been previously validated to have a sensitivity of 96%, specificity of 89%, and positive predictive value of 94% 1, 3 ; in a sensitivity analysis, we included only patients with a primary hospital discharge diagnosis of nontraumatic SDH. We defined surgical SDH evacuation based on ICD-9-CM procedure codes from the hospital discharge record ; the date of the first recorded operation was considered the index operative date.
Hospital-based ICD-9-CM procedure codes for major operations have been previously shown to have excellent sensitivity and specificity. 12 For subgroup analyses, the index surgery was classified as a craniotomy or craniectomy (ICD-9-CM procedure codes 01. were documented after the index surgery date, regardless of whether this repeated operation occurred during the same hospitalization as the index surgery or a different hospitalization afterward.
In the NSQIP sample, we ascertained the demographic covariates of age, sex, and race/ethnicity; the medical comorbidities of diabetes, chronic obstructive pulmonary disease, congestive heart failure, hypertension, renal failure, and tobacco use; the preoperative laboratory values of serum sodium, serum creatinine, white blood cells, platelets, and international normalized ratio; and the date of death, if applicable. The index surgery was also classified as emergency or elective. In the Medicare sample, we used the denominator file to ascertain age, sex, race/ethnicity, and dates of Medicare coverage and death, if applicable. Standard ICD-9-CM codes were used to ascertain the Charlson comorbidity index scores, 13 which were cumulatively carried forward from the start of Medicare coverage until the index SDH surgery. 
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Statistical Analysis
We used survival analysis and Kaplan-Meier statistics to calculate cumulative rates of mortality and repeated operation for SDH. Kaplan-Meier cumulative rates were calculated along with 95% CIs.
Patients were considered at risk starting on the day of the index surgery and were censored at the time of death, if applicable; in the Medicare sample, patients were also censored if their Medicare coverage ended. In the NSQIP sample, we performed a subgroup analysis stratified by age (older vs younger than the mean age) and whether the index operation was elective or emergency. In the Medicare sample, we performed a subgroup analysis stratified by age (older vs younger than the mean age) and whether the index operation was a craniotomy or craniectomy or a burr-hole procedure. The log-rank test was used to compare cumulative rates between subgroups. We also performed exploratory analyses of other potential risk factors for repeated operation using Cox proportional hazards regression models. The threshold of statistical significance was set at 2-sided α = .05 for all analyses. All analyses were performed using Stata/MP, version 14 (StataCorp). (Figure 2 and Table 3 ). Among those who underwent repeated operation, the median time until repeated operation was 19 days (interquartile range, 8-38 days). Repeated operation rates were similar in a sensitivity analysis that included only patients with a primary hospital discharge diagnosis of nontraumatic SDH.
Results
Among
We found no evidence of associations for age, operative urgency, or operative type and the rate of repeated operation (Table 3) . No significant difference was found in the rate of repeated operation after burr-hole drainage of chronic SDH (11.7%; 95% CI, 6.3%-21.3%) compared with those who underwent craniotomy or craniectomy (7.2%; 95% CI, 6.0%-8.8%) (P = .14 by the log-rank test). In exploratory analyses, we found no associations for any of the listed baseline characteristics (Table 1 and Table 2 ) and time to repeated operation in either cohort. 
Discussion
In 2 large cohorts of US patients, we found that approximately 5% to 10% of patients who underwent surgery for nontraumatic SDH required repeated operation. Most of the risk occurred in the first 30
days, but the risk of repeated operation continued to accumulate during the 3 months after the initial surgery. The risk of repeated operation did not differ substantially after elective vs emergency cases or after craniotomy or craniectomy vs burr-hole procedures. Our findings were robust across several sensitivity analyses.
Prior studies [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] on the natural history of SDH have mostly involved cohorts at single centers, with a few studies [31] [32] [33] combining data from 3 centers and 1 study 34 combining data from 26 neurosurgical training centers. Many of these studies included SDH in the setting of other traumatic brain injuries, which often involve young and otherwise healthy patients, and did not focus on isolated nontraumatic SDH cases in elderly populations, which may have a higher risk of reaccumulation. 3 Several randomized trials have compared various surgical approaches for draining chronic SDH and their effect on reaccumulation, 5 but these were small single-center studies, with the largest enrolling 215 patients. 6 A recent large, multicenter, prospective study 34 reported outcomes after chronic SDH, but this study involved only select neurosurgical training centers, and most operations were burr-hole procedures. There are few generalizable data from large population-based cohorts regarding repeated operation rates for isolated nontraumatic SDH in elderly patients. In this context, our study provides, to our knowledge, novel and generalizable findings on the rate of repeated operation for nontraumatic SDH in a large heterogeneous sample of elderly patients.
Limitations
Our findings should be considered in light of several limitations. First, we did not have access to certain clinical data, such as hematoma size, whether the hematoma appeared acute or chronic on imaging, details of the operative approach, and use of antithrombotic therapy before or after surgery.
Second, the NSQIP sample may contain multiple episodes that involve the same patient, and this clustering could not be accounted for in our analyses. However, this limitation did not pertain to our Medicare analysis, which had concordant findings. Third, because our outcome was repeated operation, we would not have captured patients who presented with a reaccumulated SDH but were in such poor clinical condition that surgery was judged futile. Thus, the incidence of significant SDH recurrence may be higher than our results indicate. Fourth, for the analysis of Medicare patients, we relied on diagnosis and procedure codes to define our cohort and outcomes, which may result in misclassification. We tried to mitigate this by using previously validated codes, and the findings of that analysis were concordant with our analysis of the NSQIP sample, which involves prospectively collected and audited data.
Conclusions
Our findings provide a broadly generalizable estimate of SDH repeated operation rates across a variety of US hospitals. We found that a substantial fraction of patients died or required repeated evacuation of nontraumatic SDH. These results may help inform the design of future prospective studies and clinical trials to improve the current state of therapy for nontraumatic SDH. Given the increasing prevalence of SDH with age and the expected aging of the population, 1 this disease will likely pose an increasing burden during the next several decades. Developing better techniques to prevent SDH recurrence may be a promising target for improving outcomes for this serious disease.
Our results may also be helpful to practitioners across a variety of disciplines who care for patients with a history of SDH. Keeping in mind that 5% to 10% of patients with recent surgery for nontraumatic SDH will require repeated operation may help practitioners calibrate their index of suspicion to ensure that patients are appropriately evaluated and referred for timely surgical care. 
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